I m p o r t a n t changes are produced in the apparent mobilities and partition coefficients of inorganic ions b y applying guaiacol to Nitella. The calculations indicate t h a t guaiacol may increase apparent mobilities 3-fold and partition coefficients more than 50-fold. These effects are completely reversible. 1
muscle and nerve. If we arrange the ions in the order of their effect in producing negativity in Nilella we have K, Rb > Na > Li > Cs (Table I , column 6). This does not differ much from the series found in Valoni~ 7 and in Halicystis, 6 as well as in muscle and nerve.
According to H/Jber 8 the order in frog muscle is K > Rb > NH, > Cs > Mg > Na > Li. For the sciatic nerve of the frog 9 we have K > Rb > NH4 > Cs > Na, Li. For the nerve of the spider crab t° we have K > Rb > Cs.
It is a striking fact that these cells react so differently to pairs of ions, e.g. Na + and K +, K + and Cs +, Rb + and Cs +, which are chemically similar? t This deserves further study.
Of especial interest is the increase in apparent mobilities produced by guaiacol (Table I , next to the last column). As an example we may take uN, which is raised from 2.33 to 7.30 by the action of guaiacol. The P.D. between 0.01 x~ and 0.001 u NaC1 increases from 23.2 to 44.0 when guaiacol is applied.
The question arises whether this is because the protoplasmic surface is acting more like a layer of guaiacol. To answer this some guaiacol (previously shaken with 0.001 ~ NaCl) was placed in a U-tube with 0.001 ~t NaC1 at one side and 0.01 ~t NaC1 at the other. 12 On leading off from the aqueous solutions to a Compton electrometer we observed a potential of about 10 my. (dilute solution positive in the external circuit). Hence if the protoplasmic surface acted like guaiacol we should not expect a concentration effect of 44 my. With KC1 the concentration effect with guaiacol was about 15 mv.
The chemical effect, e.g. the P.D. between 0.01 xt KC1 and 0.01 x~ NaCl presents a different picture. This chemical effect in Nitella amounts to 94 my. which is reduced to 20.9 by the application of guaiacol. With guaiacol in the U-tube the corresponding value is about 14 mv. Hence Damon, E. B., f. Gen. Physiol., 1938-39, 29 ., 819. In Valonia, ucs like ui,¢~ is less than vcl.
s H~ber, R., Arch. ges. Physiol., 1905, 106, 599 . See also Seo, T., Arch. ges. Physiol., 1924 , 206, 485. 9Netter, H., Arch. ges. Physiol., 1928 , 218, 310. See also Wilbrandt, W., .l. Gen. Physiol., 1936 10 Cowan, S. L., Proc. Roy. Soc. London, Series B, 1934 , 115, 216. See also Wilbrandt, W., J. Gen. Physiol., 1936 11 The chemical similarity is greater in the case of K + and Na + than in the other pairs.
in this respect the protoplasmic surface acts somewhat more like guaiacol after gualacol is applied.
It is not surprising that we are unable to predict the effects of gualacol in the protoplasmic surface which is undoubtedly a mixture of substances concerning which our knowledge is very limited. As might be expected, guaiacol does not affect all cells in the same way. We find that Nitella resembles ttalicystis ~s in that the mobility of Na + is increased by guaiacol but that of K + is not affected. In Valonia 14 the mobility of Na + is increased and that of K + is decreased.
In addition to the alkali metals mentioned, NH4 +, Mg ++, and Ca ++ were employed. Regarding NH4 + it may be said that its mobility is only about half that of K + although in water the two mobilities are nearly equal. We see that the mobility of ~ Mg ++ and that of ~ Ca ++ are greater than that of K + which is not the case in water. It seems probable that Mg ++ and Ca +~ do not obey very well the equations here used since it is possible that they produce alterations in the surface.
Let us now consider the partition coefficient S (S = concentration in the non-aqueous protoplasmic surface layer + concentration in the external solution). This was determined as previously explained 12 by measuring the P.D. of 0.01 M KC1 against 0.01 M of each salt in turn. The partition coefficient was calculated as follows. In the case of NaC1, for example, we find by trial what value of SN,cl + SKcl will give the observed P.D. of 44 my. employing the mobilities already found; i.e., u K --8.76 and UN, = 2.33. We thus obtain SN~Cl + S~cl ----0.0263. This is done for each salt in turn. The results are shown in Table I .
We can compare the partition coefficients before and after the application of guaiacol since, as shown in a previous paper, n the partition coefficient of KCI is not changed by guaiacol. 15 The partition coefficients of the alkali metals increase as the ionic radius increases until we come to cesium which is exceptional. This increase is in line with the suggestions of Shedlovsky and Uhlig. 1.
The application of guaiacol raises all the partition coefficients except those of KC1 and RbC1 (Table I , last column). Too little is known about the theory of partition coefficients to make it desirable to comment on this 18 Osterhout, W. J. V., J. Gen. Physiol., 1937 -38, 21, 707. 14 Osterhout, W. J. V., J. Gen. Physiol., 1936 To calculate the partition coefficient in the presence of guaiacol we employ the mobilities found in the presence of guaiacol, e.g. Ulna ffi 7.30 instead of 2.33. The value of UK is not changed by guaiacol (see footnote 12).
16 Shedlovsky, T., and Uhlig, H. H., J. Gen. Physiol., 1933-34, 17, 563. but it may be stated that the value of S for guaiacol in contact with aqueous solutions of NaC1 and KC1 is very low 17 (about 0.001).
According to the calculations the partition coefficient of MgC12 is very low. This might be expected on chemical as well as on biological grounds. We might expect that of CaC12 to be equally low: this is not the case. To what extent are these calculations valid? One way of testing this is to try to predict the l'.D.'s of various dilutions, e.g. of KC1 and NaC1, from the calculated values of uN,, u~:, SN,cl, and SKct. This has been done with satisfactory results is with NaC1, KC1, and NH4C1.
We may also try to predict chemical effects. For example, in the present paper, using the values (in absence of guaiacol) for the mobilities calculated from the concentration effects and for the partition coefficients calculated The success of these predictions for the alkali metals and the fact that the mobilities and partition coefficients of the alkali metals as calculated in the present paper are reasonably in line with expectation indicate that the method of calculation may be trusted to a certain extent. We must be on our guard, however, against secondary effects. 19
If concentrations are too high or exposures too long such secondary effects may appear: such effects are, of course, not predicted by these equations. These secondary effects may be reversible up to a certain point beyond which they become irreversible. They doubtless involve structural alterations, 2° and may be brought about by non-electrolytes as well as by electrolytes.
We may therefore speak of primary effects and s~condary effects. By primary effects we mean those which involve no structural alteration of the protoplasmic surface. If, for example, the potential of the protoplasm is largely due to an outwardly directed concentration gradient of potassium 2~ we abolish the potential when we abolish the concentration gradient: this we do by placing the proper concentration of potassium outside. 22 Here there is no need to assume any structural alteration of the surface.
A change in the chemical composition of the surface might conceivably occur without any structural change. Possibly gualacol produces this kind of alteration.
t9 Such secondary effects are much more apt to occur with alkaline earths than with alkali metals. For a striking effect of calcium see Blinks, L. R., jr. Gen. Physiol., 1929-30, 13, 223; Blinks, L. R., Rhodes, R. D., and McCaUum, G. A., Proc. Nat. Acad. So., 1935, 21, 123. It may be mentioned in this connection that the concentration effect of 0.01 N KCI + 0.01 N CaCI2 vs. 0.001 N KCI + 0.001 ~ CaCI2 is decreased by guaiacol, contrary to the result obtained with either salt singly.
20 Cf. HSber, R., Andersh, M., HSber, J., and Nebel, B., ]. Cell. and Comp. Physiol., 1939, 13, 195. 210sterhout, W. J. V., Biol. Rev., 1931, 6, 369; J. Gen. Physiol., 1934-35, 18, 215. 22 Osterhout, W. J. V., and Harris, E. S., J. Gen. Physiol., 1927-28, 11, 391. The fact that both primary and secondary effects may be inhibited to a certain extent by alkaline earths 23 does not, of course, mean that they are identical. It may signify that alkaline earths decrease the solubility in the protoplasmic surface of the various substances which depress the potential. 24 This view is favored by the fact that it requires a very high concentration of alkaline earths to be effective and in Nitella they fail to inhibit the depressing action of potassium when its concentration is raised to 0.1 M. u SUMMARY Values have been calculated for apparent mobilities and partition coefficients in the outer non-aqueous layer of the protoplasm of Nitella. Among the alkali metals (with the exception of cesium) the order of mobilities resembles that in water and the partition coefficients (except for cesium) follow the rule of Shedlovsky and Uhlig, according to which the partition coefficient increases with the ionic radius.
Taking the mobility of the chloride ion as unity, we obtain the following: lithium 2.04, sodium 2.33, potassium 8.76, rubidium 8.76, cesium 1.72, ammonium 4.05, ~ magnesium 20.7, and x/~ calcium 7.52.
After exposure to guaiacol these values become: lithium 5.83, sodium 7.30, potassium 8.76, rubidium 8.76, cesium 3.38, ammonium 4.91, ~ magnesium 20.7, and ~ calcium 14.46.
The partition coefficients of the chlorides are as follows, when that of potassium chloride is taken as unity: lithium 0.0133, sodium 0.0263, rubidium 1.0, cesium 0.0152, ammonium 0.0182, magnesium 0.0017, and calcium 0.02.
These are raised by guaiacol to the following: lithium 0.149, sodium 0.426, rubidium 1.0, cesium 0.82, ammonium 0.935, magnesium 0.0263, and calcium 0.323 (that of potassium is not changed).
The effect of guaiacol on the mobilities of the sodium and potassium ions resembles that seen in Halicystis but differs from that found in Valonia where guaiacol increases the mobility of the sodium ion but decreases that of the potassium ion.
28 HSber, R., Arch. ges. Physlol.~ 1905, 106, 599 . See also Osterhout, W. J. V., and Hill, S. E., J. Gen. Physiol., 1938-39, 29., 139 . ~* Osterhout, W. J. V., and Hill, S. E., J. Gen. Physiol., 1938-39, 9.2, 139. 
